Objective. The purpose of this study was to examine the triage role of scrotal Doppler ultrasonography (DUS) as the primary preoperative diagnostic tool in patients presenting to the emergency department (ED) with acute scrotum. Methods. Patients who presented to the ED with acute scrotum and underwent scrotal DUS in the ultrasound unit over a 3-year period (2004)(2005)(2006)(2007) were included in the study. Patient characteristics, DUS findings, and clinical management were retrospectively collected and reviewed. Doppler ultrasonographic diagnoses were compared with histopathologic findings for patients who underwent exploration and with final diagnoses at the time of discharge for patients undergoing medical treatment. Results. A total of 620 consecutive patients with 669 DUS examinations were included. The most common scrotal DUS diagnoses were epididymitis, hydrocele, varicocele, and orchitis. Scrotal trauma was present in 77 cases. Hospitalization followed the initial ED evaluation for 155 patients; 68 underwent surgery. Testicular torsion was ultrasonographically suspected in 20 patients and confirmed in 18. Scrotal malignancy was incidentally diagnosed in 13 patients and testicular hematoma in 8. Doppler ultrasonography for the diagnosis of testicular torsion had 94% sensitivity, 96% specificity, 95.5% accuracy, an 89.4% positive predictive value (PPV), and a 98% negative predictive value (NPV). Doppler ultrasonography for the diagnosis of testicular malignancy had 92% sensitivity, 95% specificity, 94% accuracy, a 78.5% PPV, and a 98% NPV. Conclusions. Scrotal DUS is a highly sensitive preoperative diagnostic tool, thereby validating its routine use in the initial triage of patients with acute scrotum presenting to the ED. Key words: Doppler ultrasonography; emergency; hematoma; malignancy; testis; torsion. cute scrotum refers to the sudden onset of scrotal erythema, swelling, or pain. It is not a rare condition in the emergency department (ED). Orchiepididymitis, torsion of the testis or testicular appendages, testicular hematoma secondary to trauma, an incarcerated scrotal hernia, and testicular malignancy are the main entities in the differential diagnosis.
cute scrotum refers to the sudden onset of scrotal erythema, swelling, or pain. It is not a rare condition in the emergency department (ED). Orchiepididymitis, torsion of the testis or testicular appendages, testicular hematoma secondary to trauma, an incarcerated scrotal hernia, and testicular malignancy are the main entities in the differential diagnosis.
1,2 A careful history, a thorough physical examination, and appropriate diagnostic tests can substantially narrow the differential diagnosis. The diversity of etiologies related to this clinical presentation makes the diagnosis a difficult one, and an objective and reliable imaging procedure is demanded. Doppler ultrasonography (DUS) is a noninvasive examination that lacks ionizing radiation and is highly sensitive in the detection of intrascrotal abnormalities 3 ; therefore, it is considered nowadays the first imaging modality for the assessment of acute scrotum. A DUS study includes gray scale imaging and color and spectral Doppler flow of the scrotal contents, mainly the testis and epididymis. By enabling the distinction between surgical emergencies, such as testicular torsion and traumatic testicular rupture, which mandate immediate scrotal exploration to prevent testicular loss, and surgical nonemergencies and nonsurgical entities, scrotal DUS has become the standard diagnostic test on which the therapeutic approach in patients with acute scrotum is based. [4] [5] [6] The aim of this study was to examine the performance of scrotal DUS as a triage tool for preoperative diagnosis in patients presenting to the ED with acute scrotum.
Materials and Methods

Study Population
The study population included all consecutive patients presenting to the ED with acute scrotum (isolated scrotal erythema, swelling, pain, or a combination of any of these symptoms) who underwent scrotal DUS from October 2004 to October 2007. The study design was of a retrospective nature, and data pertaining to patient characteristics, DUS examinations, and clinical management were obtained from our computerized medical records. Institutional Review Board approval was obtained. A waiver of informed consent was granted for this retrospective study.
Patient Characteristics
Data collected included age, medical history, and clinical symptoms at presentation.
Doppler Ultrasonographic Examinations
Scrotal DUS examinations were performed at the ultrasound unit of the Department of Medical Imaging. High-resolution linear array transducers (7-12 and 5-17 MHz) with HDI and iU22 ultrasound equipment (Philips Healthcare, Bothell, WA) were used. Lower-resolution linear (4-8 MHz) and convex (5-8 MHz) transducers were used for examinations of enlarged scrotums. Examinations were performed with the patient supine on transverse and longitudinal scrotal axes. On B-mode gray scale images, the testis and epididymis size, texture, and focal findings were evaluated and compared with the contralateral side. Color, power, and pulsed Doppler ultrasound were applied to verify and characterize blood flow (arterial and venous) in the testes and epididymis. Extratesticular scrotal findings were also searched for.
The examinations were performed on a 24-hour basis either by a sonographer followed by an attending radiologist or by a resident in radiology with at least 6 months of training in ultrasound. The examinations were evaluated on screen at the time of the procedure, and images were also sent to a picture archiving and communications system for later review. Examinations performed by residents during off hours were reviewed by the attending radiologist either immediately through a home computer Internet connection or within a few hours on the following day.
For the purpose of this study, the radiologic reports of all scrotal DUS examinations performed during the study period were collected and retrospectively reviewed, with special focus on signs of testicular torsion (testis and appendages) and detorsion, orchitis, epididymitis and scrotal edema, testicular trauma, testicular and extratesticular masses, hydrocele, and varicocele. Specifically, ultrasonographic features sought for testicular torsion were testicular swelling, decreased echogenicity, and absent or diminished testicular blood flow. Features suggestive of testicular hematoma were an intact tunica albuginea with a testicular hyperechoic or hypoechoic lesion without internal vascularity along with a relevant clinical history. A finding of a solid mass within the testicular parenchyma with internal vascularity was considered suggestive of a testicular tumor. When the report included more than 1 entity, or a differential diagnosis was given, all of the ultrasonographic findings were registered for the referred DUS examination.
Clinical Management
Conservative or surgical management after the clinical evaluation and DUS examination was assessed. Patients were either discharged from the ED or admitted to the hospital. The hospitalized subgroup included patients admitted either after the first ED visit or after a second ED visit during the following month with the same clinical condition.
Surgical Findings
Surgical reports, pathologic findings, and final diagnoses at discharge were registered. The DUS diagnosis was compared with the final diagnosis at discharge to determine whether the preoperative diagnosis was correct or had been included in the differential diagnosis.
Statistical Analysis
All data were collected and analyzed with descriptive statistics using Excel software (Microsoft Corporation, Redmond, WA). The sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) of DUS for the preoperative diagnosis of testicular torsion, malignancy, and hematoma were calculated. The statistical analyses were performed with the Pearson χ 2 test and SPSS version 14 software for Windows (SPSS Inc, Chicago, IL).
True-positive cases included patients with a positive imaging diagnosis of testicular torsion, malignancy, or hematoma confirmed by surgical and pathologic reports. False-positive cases included patients with a positive imaging diagnosis of testicular torsion, malignancy, or hematoma and negative pathologic findings. True-negative cases included patients with a negative imaging diagnosis of testicular torsion, malignancy, or hematoma and negative surgical findings. False-negative cases included patients with a negative imaging diagnosis who underwent surgical exploration and had positive pathologic findings for testicular torsion, malignancy, or hematoma.
Results
This retrospective study included 620 patients who presented to the ED with acute scrotum and underwent scrotal DUS over a 3-year period. Forty-five patients underwent more than 2 DUS examinations on different ED visits, for a total of 669 scrotal DUS examinations performed. Fiftyfive percent of the examinations were performed by the resident in radiology on duty, and 45% were performed by attending radiologists.
The mean age of the patients ± SD was 21.9 ± 16.6 years (range, 2 months-95 years). Data regarding medical histories and clinical presentations to the ED are depicted in Table 1 . Most patients had no relevant medical history related to previous testicular conditions. The clinical presentations included scrotal pain, swelling, and erythema. In one-third of the cases, more than 1 clinical sign was present. Scrotal trauma, mainly blunt trauma, was reported in 77 cases (11%).
Among the 669 scrotal DUS examinations performed in 620 patients, in 514 cases (77%), patients were discharged from the ED on the basis of clinical evaluation and DUS findings. In 155 cases (23%), hospitalization followed the initial ED evaluations, 138 (89%) on the first ED visit and 17 (11%) on a second visit during the following month with the same clinical condition.
Scrotal DUS findings for the 669 examinations performed with comparison between patients discharged from the ED and those admitted to the hospital after initial ED evaluations are shown in Table 2 . Ultrasonographic findings for the hospitalized patients were similar to the findings for those discharged from the ED, with additional findings consistent with testicular torsion, malignancy, and hematoma.
Sixty-eight of the patients admitted (44%) underwent surgical exploration. Table 3 shows the diagnostic indications for surgical exploration among this subgroup of patients. Table 4 depicts the surgical outcomes in these patients. Torsion was surgically confirmed in 18 patients. In 13 cases, the testicle was salvaged, and the patients underwent orchiopexy. Figure 1 shows an example of one such case in which testicular torsion was suspected by DUS and confirmed by surgery. The single false-negative DUS diagnosis of testicular torsion occurred in a 3-year-old patient with a DUS diagnosis of testicular detorsion. In this case, the involved testicle appeared enlarged with existent yet slightly diminished blood flow relative to the contralateral testicle. Because of a high clinical suspicion of torsion, surgery was performed, confirming the clinical diagnosis of torsion. In the 2 cases with falsepositive DUS diagnoses of torsion, the removed testicles were necrotic but not because of testicular torsion: testicular necrosis following traumatic rupture of the tunica albuginea in 1 case and an undescended necrotic testis adjacent to an incarcerated inguinal hernia in the other. The calculated performance values for DUS in the diagnosis of testicular torsion were 94% sensitivity, 96% specificity, 95.5% accuracy, an 89.4% PPV, and a 98% NPV (Table 4) .
Testicular Malignancy
Sonographic findings suggestive of scrotal malignancy were reported in 20 patients: 17 with testicular malignancy and 3 with extratesticular malignancy. For 3 patients, in whom further clinical and follow-up DUS evaluations as well as seronegative tumor markers ruled out malignancy, surgery was spared. In total, 17 patients underwent surgery (14 for suspected testicular malignancy and 3 for extratesticular malignancy), and Table 4 depicts the surgical outcomes. Scrotal malignancy was pathologically diagnosed in 13 patients: 12 with testicular malignancy and 1 with extratesticular malignancy. False-positive DUS diagnoses of testicular malignancy occurred in 3 patients. In 2 cases, DUS showed a well-defined heterogeneous testicular mass with partial vascularity, and hemorrhage from an underlying tumor was suspected. Although the macroscopic surgical findings were also highly suggestive of malignancy, histopathologic analysis indicated merely testicular hematoma. In the third case, histopathologic analysis showed signs of atrophy and fibrosis without malignancy. The single false-negative diagnosis of testicular malignancy occurred in a 30-year-old patient in whom a large mass filling most of the hemiscrotum was seen and mistakenly described as an extratesticular mass. Histopathologic findings were compatible with a large mixed germ cell tumor replacing most of the testicular tissue but no Table 5 . An example of secondary leukemic spread to the testis is depicted in Figure 2 . Interestingly, 1 patient had a diagnosis of bilateral testicular involvement of non-germ cell and mixed germ cell tumors (Figure 3 ). The single case of an ultrasonographically diagnosed extratesticular tumor proved to be metastatic spread of mucinous adenocarcinoma of the colon to the testicular cord and tunica albuginea.
The mean age of the patients with scrotal malignancy was 40 ± 17.9 years (range, 20-74 years), and that of the patients with testicular malignancy was 38 ± 17.5 years (range, 20-74 years), which was almost twice as old as the mean age of the patients without malignancy (21.5 ± 16.5 years; range, 2 months-95 years; P < .0001).
The calculated performance values for DUS in the diagnosis of testicular malignancy were 92% sensitivity, 95% specificity, 94% accuracy, a 78.5% PPV, and a 98% NPV (Table 4) .
Testicular Hematoma
Testicular hematoma was ultrasonographically suggested in 12 cases, 8 of which had a suspected tear of the tunica albuginea. In all but 1 case, a history of scrotal trauma was reported. Four of the 12 patients were treated conservatively and discharged after several days of hospitalization. No long-term follow-up was available for these patients. Eight patients underwent surgical exploration of the scrotum: 5 for ultrasonographically suspected testicular hematoma with a tear of the tunica albuginea and 3 indeterminate cases in which a malignancy could not be ruled out. Table 4 shows the surgical outcomes in this subset of patients. Testicular hematoma was surgically confirmed in 7 cases. Figure 4 shows an example of such a case. Testicular laceration with a tear of the tunica albuginea was confirmed in 4 cases. The single false-positive DUS diagnosis of testicular hematoma occurred in a 37-year-old patient in whom testicular seminoma was diagnosed by pathologic analysis. The calculated performance values of DUS in the diagnosis of testicular hematoma were 100% sensitivity, 98% specificity, 98.5% accuracy, an 87.5% PPV, and a 100% NPV (Table 4) .
Discussion
Acute scrotum is a diagnostic dilemma because of the diverse etiologies and extreme local tenderness, which makes clinical examination very difficult. 7 The main goal is to differentiate between surgical emergencies and nonsurgical problems. Doppler ultrasonography is considered the primary imaging modality for such evaluations. 1, 8 The main diagnosis to be confirmed or ruled out by DUS is testicular torsion, which warrants emergency surgical intervention. In the literature, the reported diagnostic performance values for DUS of testicular torsion varied from 69% to 86% sensitivity, 87% to 100% specificity, 73% to 97% accuracy, a 100% PPV, and a 97.5% NPV. [9] [10] [11] [12] [13] A key difference between our study and previous works was that a scrotal DUS examination was performed in all cases after a clinical history intake and physical examination, regardless of the degree of clinical suspicion of testicular torsion, and in none did surgery directly ensue. This may account for the relatively higher sensitivity value found in our study (94%) compared with previous reports. The high specificity value (96%) may be attributed to the study population, composed mainly of adolescents and young men in whom scrotal examinations were technically adequate, and the fact that the studies were either performed or reviewed in proximity to the time of the examinations by ultrasound-trained attending radiologists. In some instances, patients were taken to the operating room solely on the basis of the on-call resident's impression, and there were 10 suggested that scrotal ultrasonography should not be used as an emergency investigation, and surgical exploration of the scrotum in all cases of painful testes must be performed urgently without a preoperative morphologic assessment. In our institution, patients presenting to the ED with acute scrotum are referred immediately to the ultrasound unit, and scrotal DUS examinations are performed without delay. When testicular torsion is clinically suspected, the on-call urologist is usually present during the DUS examination to view the images online with the radiologist. Thus, in our experience, scrotal DUS performed on a 24-hours basis for the assessment of patients presenting with acute scrotum proved to be a reliable preoperative imaging modality. Doppler ultrasonography has also been shown to decrease the number of emergency surgical explorations and the length Yagil et al of hospital stays 11 and to provide medicolegal support in cases in which surgical exploration is excluded.
14 However, DUS should only be performed as long as there is no delay to surgical exploration. Because the information it can provide is operator dependent, and overlaps exist between the different entities, the diagnosis of torsion has to be supported by a relevant clinical history and physical examination of the patient, or a differential diagnosis must be suggested (eg, acute epididymo-orchitis). With an NPV of 98%, DUS can very efficiently exclude the diagnosis of torsion. However, it should be emphasized that the clinical history and signs play important roles in the decision of whether and how urgently the patient should be taken for surgical exploration.
The presentation of testicular malignancy with acute pain is rare and not routinely imaged emergently. About 15% of such cases are detected incidentally when emergent scrotal ultrasonography is performed. 15 When detected, intratesticular lesions are more likely to be malignant and should be considered as such until proven otherwise. 16 With an NPV of 98%, the diagnosis of intratesticular malignancy can be efficiently ruled out by DUS. There are a variety of benign intratesticular processes, such as hematoma, focal orchitis, abscesses, infarction, and granuloma, which may mimic testicular malignancy and must therefore be considered in the differential diagnosis. J Ultrasound Med 2010; 29:11-21
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Age is known to be a predictive factor for the likelihood of testicular malignancy. Intratesticular malignancy is most common in patients aged 15 to 34 years; seminoma, the most common type of testicular tumor, has a peak incidence at 35 to 39 years. 16 The mean age of patients with testicular malignancy in our study was considerably higher than that of patients without testicular malignancy (38 versus 21 years). The most common type of malignancy found was a mixed germ cell tumor (5 patients); seminoma was found in only 2 patients, who were 36 and 37 years old.
Testicular and paratesticular metastases are uncommon and often occur in patients with known malignancy at an advanced stage. The most common primary sources are the prostate, lungs, melanoma, colon, and kidneys. 17 Metastatic spread was found in 3 patients in our study population: 1 with metastatic spread of mucinous adenocarcinoma of the colon (stage IIIB) to the testicular cord and tunica albuginea and 2 with secondary spread of acute myeloid leukemia (AML) to the testis. Interestingly, 1 of the patients with AML spread to the testis was known to be in remission at the time testicular involvement was diagnosed. Testicular relapse of AML is uncommon in the absence of systemic disease, with only 17 cases previously reported in the literature, and evidence shows that it predicts widespread, perhaps occult, systemic disease. Traumatic acute scrotum is more commonly due to blunt scrotal trauma. 19 The current standard management of testicular injuries includes early surgical intervention, specifically in cases of testicular rupture and tunica albuginea disruption, to achieve a higher testicular salvage rate. 8 Ultrasonography helps identify cases that require immediate exploration when the clinical examination is inconclusive. Doppler ultrasonography has been shown to have 71% to 100% sensitivity and 77% to 80% specificity for testicular traumatic injury. 8, 20, 21 In our study, among the 8 patients who underwent surgical exploration with DUS findings suggestive of large testicular hematoma, the diagnostic performance of DUS was higher than previously reported, with a 100% NPV.
It is well understood that primary testicular tumors are vascular lesions, whereas hematoma is nonvascular. Furthermore, a relevant clinical history (previous trauma) for the presence of hematoma should also help delineate between the two entities. However, 15% of testicular tumors first present after scrotal trauma, 21 and hemorrhage from an underlying tumor may cause a false-positive diagnosis of testicular rupture and hematoma. In our study, among the 3 patients who underwent surgical exploration with a DUS differential diagnosis of testicular hematoma and malignancy, the histopathologic diagnosis was malignancy in 1 case.
Our study was limited by a variety of factors, primarily its retrospective nature and selection bias. First, our medical institution is the single level I trauma center in the northern region of the country, with the highest number of ED visits 
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Second, we had no data on ED visits or hospitalization at other medical institutions for our population during the study period. Moreover, clinical follow-up was unavailable for patients discharged from the ED who did not return at a later time; thus, we had no data regarding the performance of DUS in this subgroup of patients. In summary, acute scrotum is a diagnostic dilemma. The use of rapid scrotal DUS at the point of care can be useful in the ED. The high diagnostic performance, especially the high NPVs for testicular torsion, malignancy, and hematoma, validates routine use of DUS as a preoperative diagnostic tool in the initial triage of patients with acute scrotum presenting to the ED.
